Knowledge of the cardiovascular requirements of various types of work is essential in making work recommendations for cardiac patients. In a previous study the stresses of work in a light metal manufacturing plant were shown to be small. The present study is an evaluation of the physiologic requirement of a typical day's work in an open-hearth furnace and other areas in a steel mill. The oxygen consumption, pulmonary ventilation, respiratory rate, and other physiologic responses in cardiac patients are compared to those of normal subjects performing the same tasks.
MUCH of the work in a modern American factory involves little energy expenditure by the worker and evokes only small physiologic changes. Most workers with heart disease are able to perform their jobs in light metal manufacturing plants with no greater evidence of physiologic strain than is shown by their healthy co-workers. These findings in the first part of the present studyi emphasized the advantages of regular employment for patients with heart disease and showed the stresses of work to be very small-probably less than those of nonworking activities. In heavy industry, however, the energy expenditure and physiologic responses of men with and without heart disease may differ. Our observations have therefore been extended to workers in a steel mill and are reported here.
MATERIALS AND METHODS
There were 53 subjects, of whom 20 had heart disease, 14 were control subjects (a man without clinical evidence of heart disease doing the same job as one with heart disease), and 19 were normal men holding typical steel-mill jobs in which no cardiac subjects happened to be engaged. All the subjects were men. The average age of the This study was supported in part by grants from the Cleveland Area Heart Society, the Elizabeth Severance Prentiss Foundation, and the Office of Vocational Rehabilitation, Department of Health, Education, and Welfare. 537 cardiac group was 50+9a years, which was significantly greater (p = <.001)t than the control ggroup (34 + 11 years) or the normal group (40 ± 10 years). There were 3 Negroes among the 20 with heart disease and 7 among the 33 control and normal subjects.
The 20 subjects with heart disease had been identified through employment physical examinations, illness at work, or reports from physicians following illness. All the subjects were evaluated b)y means of a medical history, physical examination, and standard 12-lead electrocardiogram. Of the 20 men with heart disease, 12 had arteriosclerotic heart disease (9 with previous myoeardial infarction confirmed by electrocardiogram), 7 had hypertensive cardiovascular disease, and 1 had a pronounced and unexplained tachycardia. The total cardiac group was distributed according to the classification of the New York State Heart Association3 as follows: Class I, 13 subjects, and class IT, 7 subjects; none in classes III or IV (symiiptoinis produced by less than ordinary activity).. Therapeutically, 2 were classified A (no restrictions); 17, B (restriction of unusual exertion); and 1, C (moderate restriction of ordinary activities). Men with heart disease were found working in all major areas of the steel mill and at some, but not all, of the most strenuous jobs. Table 1 lists the jobs studied and shows the distribution of the cardiac subjects.
The average body surface area of the steelworkers, as estimated from height and weight, was 1.96 ± . 13 
RESULTS

Job Characteristics
Two major types of stress characterize work in a steel mill: heat and energy expenditure. Figure 1 Most of the men who worked in the furnace areas were, at times, exposed to intense radiant heat. The "heat-stress index"6 is an approximate measurement under specific conditions of the balance between the heat load of the unclothed body (radiation, convection, and metabolism) and possible heat loss (radiation, convection, and evaporation of sweat, depending on air temperature and humidity). A heat-stress index of 100 represents a balance of heat load and heat loss of the body at the maximum rate of sweat production.
The furnacemen experienced an average estimated heat stress of 50 during the shift. Every man working in the furnace area was, at some time during the shift, exposed to an estimated heat stress of 140 Figure 6 shows that the foremen experienced a striking rise in resting pulse during the first pause after starting work (within the first hour) with a subsequent fall, whereas the hot-strip and slab handlers and controls operators showed a gradual rise during the shift, and the other jobs conformed to the general pattern. These differences may be related to the fact that the foreman's job is unpredictable, with a high degree of responsibility, while the controls operators and hot-strip and slab handlers have the most routine type of work, suggesting that the resting pulse rate increases early when anxiety-producing factors are present. The pattern of average resting pulse rate did not correlate with average energy expenditure or heat stress.
Maximum working pulse rates of 140 per minute or higher were observed in 17 of the 53 subjects (8 with heart disease, 9 without). In 14 of the 17, tachycardia (140 to 170) could be accounted for by energy expenditure (>4 calories per minute) or estimated heat stress (>200). Three men with hypertension developed pulse rates of 140 to 168 per minute, which were not the result of their energy expenditure or heat stress and which might therefore be considered excessive. The fourth individual had an unexplained tachycardia, with an average resting pulse rate of 120 per minute and a maximum of 212 per minute.
There is a rough correlation between rate of working energy expenditure and pulse rate at low heat stress. At high heat stress, the pulse rate tends to be higher for a given rate of energy expenditure ( fig. 7) . Factors influencing the working pulse and recovery pulse sum (total beats in 3 minutes after work) were studied by analysis of variance, using heat-stress index, energy expenditure. and age as the "treatments. "2 There were 2 replications of 8 normal subjects eaeh. Heatstress index was related to both working pulse rate and recovery pulse sum, and this relation was statistically significant at the 5 per cent level. The correlation between ventilation and energy expenditure is not affected by the presence of heart disease ( fig. 8) Electrocardiogram. Standard 12-lead electrocardiograms were taken at rest. Of the 12 subjects with arteriosclerotic heart disease, 9 had evidence of old myocardial infarctions (1 posterior, 4 lateral or anterolateral, and 4 anteroseptal), 2 had complete right bundlebranch block, and 1 had a normal electrocardiogram but a definite history of angina pectoris. None was taking digitalis, and 2 used nitroglycerin occasionally. Of the 9 subjects who had hypertensive cardiovascular disease, 4 showed left ventricular hypertrophy and 3 had normal electrocardiograms. Among the hypertensive group, none was taking digitalis, and 1 was taking antihypertensive medication. The electrocardiograms of the control subjects were all within normal limits.
For the records taken during activity, the method of electrode placement gave information only in the horizontal plane, i.e., on the x and z axis, equivalent to RV8, V4, and V8.
Four men developed changes during or following effort that could be interpreted as an abnormal response, and 2 developed borderline changes. The criteria are those developed for interpreting the Master 2-step test.'
The details are given in table 3. Two of the 6 showing changes had no recognized heart disease but were working at a high rate of energy expenditure (both) and high estimated heat stress (case S.W.). For the 4 men with heart disease, the activities that produced changes were only moderately strenuous.
Abnormal electrocardiographic changes, like the hypertensive response, appear to be characteristic of an individual. High heat stress or high rates of energy expenditure can bring out electrocardiographic changes in an individual not known to have heart disease, but these stresses, even at the levels encountered in the steel mill, did not induce electrocardiographic abnormalities in most normal individuals nor even in 80 per cent of those with known heart disease.
Multiple Abnormal Responses. An unusual increase in blood pressure, abnormal electrocardiographic changes, and tachycardia not explained by energy expenditure or heat stress have been shown to be characteristic responses of an individual rather than necessary effects of heat or physical activity. Thirty-five per cent of the cardiac group and 10 per cent of the noncardiac group showed FORD, HEiLERSTEIN, TURELL below the level indicated by the heat-stress index.
Fatigue. There was an increase in the average resting energy expenditure from 1.34 .24 calories per minute before work to 1.45 + .32 calories per minute at the end of the shift for the total group. This increase was small but statistically significant (p = <.01). The increase was no greater for the cardiac group than for those without heart disease. When the increments were broken down by type of job, however, there appeared to be a correlation between the average rate of energy expenditure for the day and the increase in resting metabolic rate during the shift ( fig.  10) . The increments are small, and there is considerable variation, so that the correlation is not statistically significant in the present data. It appears, nevertheless that in the jobs that require an average energy expenditure of 2.5 calories per minute or more, there may be a small but detectable increase in resting metabolic rate, which represents one form of physiologic fatigue.'3
Resting pulse rate also rose during the shift (fig. 4) . The rate of energy expenditure is only one of the factors contributing to this rise. Heart disease, anxiety, and heat stress all have important influences, as has been demonstrated. The increase in pulse rate for various groups does not correlate with their energy expenditure. There is, however, a rise in every group, regardless of the presence or absence of other influences. It is possible that a rise in resting pulse rate takes place during the day's work in a steel mill which also represents fatigue, but which is difficult to dissociate from the effects of heat stress, heart disease, and anxiety.
COMPARISON OF CARDIAC AND CONTROL SUBJECTS The men with heart disease were compared w-ith their matched control subjects in order to identify significant differences that might be due to heart disease itself or, indirectly, to a modified pattern of activity resulting from heart disease. Most of the important differences have been cited. Thus, the men with heart disease had slightly higher resting pulse rates, but their working pulse rates were not significantly greater, except in occasional individuals, than those of the control subjects. Resting blood pressures were greater in the cardiac group and increased more during wsork. Both pulse rate and blood pressure differences were more accentuated in the hypertensive group than in those with a-teriosclerotic heart disease. Twenty per cent of the cardiac subjects and 6 per cent of those without heart disease developed borderline or abnormal electrocardiographic changes at work.
Perhaps the most striking fact that emerges from the comparison of the -cardiac group with their healthy co-workers is that there are many jobs in a steel mill which are performed There is some evidence that the high energy cost of certain jobs in the steel mill may elicit abnormal physiologic responses in men with known heart disease and, occasionally, in men without recognized heart disease. All but 2 of the workers listed in table 4 as showing such changes were in the furnace or maintenance groups, and these 2 groups had the highest average energy expenditure. It is to be emphasized that there is no evidence in this study that these changes were actually harmful to the men who experienced them.
The general pattern of energy expenditure was not found to differ significantly when the cardiac subjects were compared with their controls. Resting energy expenditure, average energy expenditure during the shift and during actual work, maximum energy expenditure, and the proportion of resting to working time-none of these measurements could be shown to differ significantly or consistently between individuals with and without heart disease. This statement stands even in references to comparisons within the furnaceman and maintenance man groups, which had the highest energy expenditure.
COMPARISON WITH OTHER STUDIES
Comparison of the present study with similar observations in Europe indicates that American steelworkers expend less energy and work a smaller proportion of the shift than comparable workers in Europe.
Christensen and his co-workers have made a study of physiologic changes in normal subjects during work in a Swedish steel mill.14 They reported that the energy cost of 4 jobs* (slag removal, dolomite shoveling, tending the heating furnaces, and wire bundling) averaged over 10 calories per minute, whereas in the present study the 2 heaviest jobs studied were slag removal (8.3 calories per minute) and shoveling dolomite (7.9 calories per minute). The impression that some jobs actually are harder in Sweden is strengthened by the fact that their study reported 8 jobs at which pulse rates of over 170 were observed and 2 (hand rolling and wire bundling) where the working pulse rate averaged 181 and 183, whereas the present study included only 1 worker whose pulse rose above 170 (the subject with a resting tachycardia). The The steelworkers of the present study differed markedly from the workers in light metal manufacturing plants previously studied from this laboratory.' The steelworkers, in general, expended more energy (1, 190 Finally, the elevation of resting energy expenditure (oxygen consumption) and pulse rate at the end of the shift suggests a type of physiologic fatigue in the steelworkers that was not found in the light metal workers.
SUMMARY
Fifty-three steelworkers, 20 of whom have heart disease, have been studied during a typical day's work. In certain jobs, particularly in the open-hearth and blast-furnace areas, workers expended an average of 3 to 4 calories per minute during the shift, and 2 approached the estimated physiologic tolerance limit of a calories per minute. Estimated heat stresses in the furnace areas and close to hot steel were often high, although jobs were also studied that had low energy requirements and negligible heat stress.
Men with hypertensive and arteriosclerotic heart disease were found working at jobs of many types, and they expended energy at the same rate and worked the same proportion of the shift as normal men. Seven of the 20 cardiac and 3 of the 33 presumably normal men developed either abnormal electrocardiographic changes or increases in pulse rate and blood pressure that appeared excessive for the working conditions.
Oxygen consumption, pulmonary ventilation, and respiratory rate under these conditions varied primarily with energy expenditure. Fluid intake depended on heat stress. Blood pressure increased with energy expenditure but was more influenced by individual characteristics such as hypertension. Pulse rate was regulated in a more complex fashion than any of the other parameters, being markedly increased by heat stress but also measurably influenced by energy expenditure, the presence of heart disease, and probably anxiety. Electrocardiographic changes during work were also characteristic of the individual rather than of a particular stress. There was a slight but significant increase in resting pulse rate and resting metabolic rate during the shift consistent 
